Abstract. A 240-nucleotide sequence of the capsid/premembrane gene region of 23 Japanese encephalitis virus (JEV) strains isolated in Tokyo and Oita, Japan was determined and phylogenetic analyses were performed.
Japanese encephalitis virus (JEV) is a member of genus
Flavivirus, family Flaviviridae. This virus is widely distributed in Asia, including Japan. 1 The geographic variation of JEV strains was demonstrated by the studies of RNA fingerprints 2, 3 and nucleotide sequencing. [4] [5] [6] [7] [8] [9] [10] The genomic diversity of JEV has been determined by primer extension sequencing of the capsid/pre-membrane (C/prM) gene region. 4, 5 These analyses indicated that JEV strains could be classified into four geographically distinct genotypes based on the nucleotide differences of more than 12%. Genotype I (GI) consists of the strains from northern Thailand and Cambodia; genotype II (GII) from Indonesia (Sarawak and Java), Malaysia, and southern Thailand; genotype III (GIII) from a broad region encompassing northern Asia (Japan, China, and Taiwan), Vietnam, Nepal, India, and Sri Lanka; and genotype IV (GIV) from eastern Indonesia (Java, Bali, and Flores). However, this classification was determined using JEV strains isolated from 1935 to 1987. In the 1990s, JEV strains showing a discrepancy with the proposed geographic distribution were reported. 9, [11] [12] [13] We also found one JEV strain, JaOArK36-91, which was isolated in Osaka, Japan in 1991, to be a GI strain. It was not clear whether this isolate was one of the minor genotypes of native strains that was isolated by chance or was introduced from other location and became a major genotype in this area. In this paper, we report that the major genotype of JEV circulating in a wide area of Japan had changed from GIII to GI since 1994.
The viruses used in this study are listed in Table 1 . A total of 23 JEV strains, 14 from Tokyo and 9 from Oita, were analyzed in this study. Oita is located approximately 800 km southwest of Tokyo (Figure 1 ). Among these 23 strains, 22 strains were isolated from swine sera, and one (JaTAr1/75) was isolated from a mosquito pool. The RNA of JEV-infected C6/36 cells was amplified by a reverse transcriptase−polymerase chain reaction with a pair of primers (JE317 and JE821R), 14 followed by sequencing as previously described. 8 Phylogenetic analyses were then performed on sequence information for a 240-nucleotide region of the C/prM gene. 4,5 A FIGURE 2. Phylogenetic relationship of 30 strains of Japanese encephalitis virus (JEV) predicted from capsid/pre-membrane protein gene sequences. Phylogenetic groupings corresponding to the genotyping classification of Chen and others 4, 5 and Ali and Igarashi 14 are indicated (GI to GIV). The tree was constructed by use of the neighbor-joining method in ClustalW. 16 The scale indicates the number of nucleotide substitutions per site. Horizontal branch lengths are proportional to genetic distance, and vertical branch lengths have no significance. The numbers at each branch represent the percentage of 1,000 bootstrap replicate supports. The tree was rooted by use of sequence information of Murray Valley encephalitis (MVE) virus, a member of the JEV serocomplex. FIGURE 1. Locations of Tokyo, Oita, Ishikawa, and Osaka in Japan. Twenty three strains of Japanese encephalitis virus analyzed in this study were isolated in Tokyo and Oita. The Ishikawa and JaOArK36-91 strains mentioned in this report were isolated in Ishikawa 11 and Osaka, respectively. phylogenetic tree was constructed by the neighbor-joining (NJ) method of Saitou and Nei. 15 The Murray Valley encephalitis virus genome (NC_000943) was used as an outgroup in all analyses. ClustalW 16 was used for the construction of the NJ tree. All trees were constructed by the bootstrap analysis of 1,000 replicates. The tree was drawn using TreeView software. 17 The nucleotide sequence data in this paper will be found in the DDBJ/EMBL/GenBank nucleotide sequence databases with the access numbers AB099851-AB099874.
The results of phylogenetic analyses of 23 JEV strains isolated both in Tokyo and Oita with seven reference strains representing four genotypes are shown in Figure 2 . Strains from Tokyo and Oita formed two distinct genetic groups. One group was composed of the strains isolated before 1991 (GIII). The other group was composed of the strains isolated after 1994 (GI). These strains clustered based on the year of isolation, rather than the location. The genetic distance between these two groups was 15.1% by the unweighted pair group method using arithmetic average, which satisfied the original genotype criteria.
To evaluate the genetic relationship of the recent Japanese GI strains, 11 GI strains from Japan were compared with four GI strains isolated in Korea, Malaysia, and Thailand in the 1990s. One GIII strain (JaOArS982) was added as a reference. All 11 Japanese GI strains, the Korean strain, and the Malaysian strain showed a close genetic relationship with the Thailand strains ( Figure 3) .
Our results clearly show that GIII was the major genotype of JEV, circulating in Tokyo and Oita until 1991, but it has since changed to GI. It has been reported that one GI strain was isolated in 1994 in Ishikawa, which is located approximately 300 km west of Tokyo, whereas, two GIII strains were isolated in 1998 in the same area. 11 Thus, the swift change of the genotype during this period appears to be a common phenomenon in a wide area of Japan. It is noteworthy that one GI strain was also isolated in 1994 in Korea, 12 whereas GIII strains continued to be isolated in Taiwan and constituted a major genotype on this island. 10 The reason why GIII has been replaced by GI since the mid 1990s in Japan has not been determined. The annual number of human cases of Japanese encephalitis has remained less than 10 since 1992. 11, 18, 19 However, during the summer, the positivity rate of antibody to JEV in swine sera has been shown to increase to more than 50% in many parts of Japan. 19 To our knowledge, there is no report of clinical changes in these animals before and after the middle 1990s. Further studies are needed to determine to what extent the GI strain of JEV has expanded in Japan. 
